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HYDRCKNIWKCCQUALITIESOFA HWOI’H5!IICALFLYTIR2BOX12WITH

A LOW~ HULLHASZU’R3A LEN2=~ RA!J!IOOF15

By ArthurW. CartersmiMarvin1.Haar

SUMMARY

An investigationof thehydrodynamicqualitiesofa hypothetical
flyingboatwitha hullhavinga length+eemratioof15wasnmdein
qey tankno.1. Theflyingboathada designgrossweightof
75,000pounds,a grossloadcoefficientof 5.88,a wingloadingof
41.1poundsyersquarefoot,snda powerloadingof1.1.5poundsper
brakehorsepowerfortake-off.Thehullwasdesignedtomeetadvanced
requirementsforincreasedspeedendincreasedrangeforfl.ying+oat
designsandhasleenshowntohavelowdragintheLengley300MPH
7-by lC-foottunnel.

Thelongitudinalstabilityduringtake-offwassatisfactory,a
remgeofpositionofthecenterofgravityof10percentmeanaerc+
-C chordbei% availablefortake+ffwithfixedelevators.Stable
lsndingsweremadewithoutporpoisingat lsndingtrimsbelow10°;the
depthof stepof16.5percentbeamwasadequatetoavoidskipping
duringladings. Sprw enteringtiepropellersandstrikingtheflaps
appeeredacceptable;sprayfromtheforebodystrikingthetailsurfaces
athighspeedsduringlsndingmightnecessitateraisingthehorizontal
tail. Thewaterresistanceandtake+ff’timeanddistsncewereapproxi-
matelythesameas forthemoreconventionalhulllength4eamratioof6.
Thetels~fftimeenddistencewere!22secondsand1530feet,respectively.
Thehydrodynamicqualitiesaresatisfactoryanddonotdiffergreatly
fromthoseoftherelatedflyingboatwiththemoreconventionalhull
length~eamratioof6.

INI!RODUCTION

h partofa generalinvestigationof theeffectofhulllengtk
beamratioontheaerodynamicandhydrodynamiccharacteristicsofflying ‘-
boats,thehydrodynamicqualitiesof a hypotheticalflyingboathaving
a hullwitha lengtk+eamratioof15haveleendetermined.~iS hull
isoneofa relatedserieswithdifferentlengthAeamratiosdesigned
tohaveEimilerresistanceandspraycharacteristicsforthesamegross
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weightand.tobe physicallyinterchangeableonthehypothetical-seaplane
design.Allthehullshavethesamelength~esmproductS@ therefcsre,
becomelongerandnarrowerasthelength4eamratioisincreased.

●

~creasingthelength-%eamratiointhismannerresultedina 2%percent
reductiainvolumeanda k2-percentreductioninfrontalareawhenthe
length+eanratiowasincreasedfrom6 to15.

Thewind-tunnelinvestigationoftheseriesofhulls(reference1)
hasshownthattieminimumaerodynamicdrsgofthehullwitha length-
beamratioof15 is29percentlessthanthedragofthehullwitha
length~eamratioof6. Thishullisthereforeofparticularinterest
inthedesignofhigh-performanceflylngboats.Thelowthicknessratio
correspondingto thehighlengt&beemratioisalsoofbasichportanoe
forflightathighMachnumbers.

The~othetical+eaplanedesignisa twin-enginepropellez=driven
flyingboathavinga designgrossweightof75,000pounds,a grossload
coefficientof5,8$,a wingloadingof41.1poundspersquarefoot,and
a powerloadingofU.5 poundsperbrakehorsepowerfortak~ff. The
hydromc qualitiesof importanceinpracticaloperation(reference2)
determinedintheinvestigationweretherangeofpositionofthecenter
ofgravityfortake-off,landingstability,spraycharacteristics,and
tak~ff performance.Thesequalitiesweredeterminedfromtestsofa
~o-sizepwereddynamicmodelinLangleytank no.1. In ordertoprovide
a basisforcmuparisonwithconventionalproportions,thesamequalities
weredeterminedforthemodeloftheserieswiththehullhavinga lengti
beamratioof6.
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SYMBOLS

grossloadcoefficient(&J.@

aerodynenicliftcoefficient@ft/p)

aerodynamicpitchlngmmentcoefficient@P@s)

pcswerloading,poundsperbrakehorsepower

wingloading,poundspersquarefoot
-...-..

effectivethrust,pounds(T-AD = Dc + R)

longitudinalacceleration,feet_persecondpersecond
-.
.
.

accelerationduetogravity(32.2ft/sec2)
.
.



--

“

.

NACATNNo.1570 -3

maximum “beamofhull,feet

meanasro&mmicchord(M.A.C.),feet

dragofmodelwithoutpropellers,pounds
--

lengthofhydro@iamicsurfaces(distancefromforward
perpendicular(F.P.)to sternpost(S.P.)Jfeet

aerodynamicyitchingmoment,f’oot+pounds

Tower,brakehorsepower

resultanthorizontalforcetithpoweron,pounds

wingarea,squarefeet -.

propellerthrust,pounds

carriage

specific
aS 64

elevator

speed(approx.9’5perceiitofairspeed),feetpersecond

weightofwater(63.3forthesetests,usuallytaken
forseawater),poundspercubicfoot

deflection,degrees — —

flapdeflection,degrees

increaseinbodydregdueto slipstream,pounds

grossload,pounds

densityof air,slugspercubicfoot

trim(anglebetweenforebodykeelat stepandhorizontal),degrees

landingtrim,degrees

DESCRIPTIONOFMODELSANDAPPARATUS

Theform,size,andrelativelocationsoftheaerodynamicsurfaces _
ofthe$O-sizepowereddynsmicmodelscorrespondedto thoseofa Na~
twin-engineflyingboat.

.
Themodelhavinga hulllengt=eamratioof .—

15wasdesignatedLangleytsnkmodel224(fig.l(a)).Themodelhaving
a hulllengt&beamratioof6 wasdesignatedLsngleytankmodel213
(fig.l(b)). IChelengthusedfordeterminingthelengt&beam.rafiio...”q.... 1

t)t~le distancefromthefomwerdperpendicular(F.P;)tothesternpoatS.P..
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Thehullshavethesamedepthof step,positionof
--

thesteprelative
tothemeanaerodynamicchord,maximumdepthofhull,ratioofforebody
toafterbodylength,andlength~beamproduct.A detaileddescription

●

ofthehullsisgiveninreference1. Forconvenienceinmekh.gchanges
totheafterbodies,thefairingafterthesternpost(reference1)was
omittedfromthetankmodelsanda slightmodificationwasmadeto the
sidesoftheafterbodiesabovethechine.Thesechangeswouldhavea
negligibleeffectonthehydrodynamiccharacteristics.

Photographsofthe.modelsandlinesofthehullssreshownas figures1
and2,respectively.Thegeneralarrsmgementoftheflyingboatis shown
asfigure3. Offsetsofthehullsaregiveninreference1. Pertinent
characteristicsanddimensionsoftheflyingboatsaregivenintableI.

Themodelswerepoweredwiththre&blademetalpropellersdriven
by twovsriable-frequeqcymotors.Slatswereattachedto theleading
edgeofthewinginorderto delaythestalltoan singleofattackmore
nearlyequaltothatofthefull-sizeairplane.Thepitchingmomentof
inertiaoftheballastedmodelswas6.8and5.8slug-feetsqusreforlength-
beam.ratiosof15end6,respectively.

TheinvestigationwasmadeinLsmgleytankno.1,whichisdescribed
inreference3. Theapparatususedforthetowingofpowereddynamic
modelsisdescribedinreference4. Themodelswerefreeto trimabout
thepivot,whichwaslocatedat thecenterofgravity,andwerefreeto
moveverticallybutwererestrainedinrollandyaw. Thetowinggear
wasconnectedtoa springbalancewhichmeasuredthehorizontalforce. .

.

FROcmDms a ‘“

Aero@amic —

Effectivethrust.-Theeffectivethrust,definedastheactualpropeller
thrustinthepresenceofa bodyminustheincreaseinbodydragdueto
slipstream,wasdeterminedatvariousspeedsfromresttotak~ff fo~
themodelhavinga hulllengt&beamratioof15. Themodelwassupported
intheaiaso thatitscenterofgravitywas3.4beamsabovethewater.
Theeffectivethrustwasdeterminedat thef~l.lowingconditions.:
T = 0°, lif= 20°, end be = OO. Theeffectivethrustwascalculatedfnm
therelation

Te=T

Thiseffectivethrust,converted
speedinfigure4.

—.—..

-AD =DC+R
●

tofull-sizeunits,isplottedagainst
-. — --—6
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AerodyntiC liftandpitchi~moment.-Tn ordertoprovidedata
fromwhichtheloadon thewatercanbe approximated,theaerodynamiclift
andpitchingmomentwithfullthrustweredeterminedwiththeflaps
deflected20°. Theliftandpitching+omentdataweredeterminedatvarious
speedsemdtrimswiththemodelin theairinthesamepositionas for
thedeterminationofthethrust.Thecenterofmomentswaslocatedat
24percentmeanaerodynamicchord.Theresults,convertedto ful.l+kize
units,arepresentedinfigure5. Aerodynamicliftandpitching~nt
coefficientsat a speedof86milesperhour(fullsize)areplotted
againsttriminfigure6. TheresultsIncludethegroundeffectdueto
theproximityofthewater.

Hyaro-c

Thedetermination-ofthehydro@namicqualitieswasmadeat the
designgrossloadcorrespondingto 75,000pounds,exceptforthespray
investigationinwhichthegrossloadscorrespondedto loadsfrom
45,000poundsto 5,000 pounds.Theflapsweredeflected20°forallthe
hy&o@nsmictests.Theresultshavebeenconvertedto full-sizeunits
andalldataarepresentedas full-sizevalues.

CenteMf~ avitylimitsof stability.-’Thecenter-of+yavitylimits
of sta%ilityweredetezmlnedby makingacceleratedrunsto tsb-offspeed
withfixedelevators,fullthrust,anda constantrateofaccelerationof
1 footpersecondpersecond.T&h, rise,andamplitudeofporpoising
werecontinuouslyrecordedduringtheacceleratedrun. A sufficient
numberof cente~f~avity positionsandelevatordeflectionswere
investigatedto cover thenormaloperatingrangeandto definethecenter-
of-gravitylimitsof stability. —

Trimlimitsof stability.-Thetrimlimitsof stabilityweredetm
minedat constsmtspeedsby useofthemethodsdescribedinreference4.

—

Zn orderto obtainsufficientcontrolmomentto trimthemodeltothetrim
limits,thelowerlimitwasdeterminedat forwardpositionsof thecenter
ofgravityandtheuppertrimlimitsweredeterminedat afterpositions
ofthecenterofgravity. —

@dinR sta%ilitY.-Thelaudingstabilitywasinvestigatedby trin+
mingthemodelintheairto thedesiredlandlngtrim,ata speedsli&htly
aboveflyingspeed.Thetowingcarriagewasthendeceleratedat a uniform
rateof 2 feetpersecondpersecond,whichallowedthemodeltoglideonto
thewaterandsimulatean actuallanding.Thesinkingspeedsranged
from75to 150feetperminute(fullsize).Thecontacttrimsandbehavior
onlsndingwereobservedvisually,andtrimandrisewerecontinuously
recordedthroughoutthelandingrun. Thelsqdingsweremade_witkone-@l$
offulJthrustusedduringthetake-offrunsandwiththecenteroj?gravity
locatedat 32percentmeanaerodynamicchord.
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tirw characteristics.-Thespeedsatwhichlightloosesprayand
thespeedsatwhiohheavyblistersprayenteredthepropellersor struck
theflapsweredeterminedforgrossloadsfroma lightlyloadedtoa heavily
overloadedcondition.Sprayphotographsweretakenwiththemodelsfree
totrimwithconstantelevatordeflectionof-1OO.

jIxcesetbrus~.-Theexcessthrust(thrustavailableforacceleration)
wasdeterminedat constantspeedsforseveralfixedsettingsofthe
elevators.Thecenterofgravitywaslocatedat 32percentmeanaero-
dynamicchord.

RESULTSANDDISCUSSION

LongitudinalStability

Center-of+zravitylimitsof stability.-Representativetrimtracks
fora length~eamratioof15srepresentedinfigure7(a)forseveral
positionsofthecenterofgravityendelevatordeflections.Comparable
trimtracksfora Iength+eamratioof6 arepresenbdinfigure7(b).
Infigure8 themaximumamplitudesofporpoisingthatoccurredduring
take-offareplottedagainstpositionof thecenterofgravity.The
maximumamplitudeis definedas thedifferencebetweenthemaximumand
minimumtrimsduringthegreatestporpoislngcyclethatoccurredduring
thetake-off.

Withthelen@&beamratioof15,theamplitudeoflower-limit
porpoisingIncreasedrapidlywfthforwardmovementofthecenterofgra~ity
(fig.8(a)).A forwadmovementofthecanterofgravityof4 percent-
meanaerodynamicchordcausedtheamplitudeto Increasefrom0° tono.
Theco?qparableincreaseinamplitudeoflower-limitporpoisingforthe
length~eamratioof6 (fig.8(b))waslessrapid.

At afterpositionsof thecenterofgravitytheamplitudeofupper-
limitporpoisingincreasedlessrapidlyforthelength-%eamratioof15
thanforthelength~eamratioof 6 (fig.8). Thelongerefterbodyfor
thehullwiththehighlength+eamratioapparentlywaseffectiveIn
dampingtheoscillationintrim.Thisoscillationwiththehullofhigh
length~eamratiodidnotexceed~“ at themostafterpositionof the

—
centerofgravity.

Fora givenelevatordeflection,thepracticalcenter-of+ravity
llmltisusuallydefinedas thatpositionof thecanterofgravityat
whichth~amplitudeofporpoidmgbecomes2°.

~PlltUdeOF-POrpoieingwa~~ity Position

A plotof elevator
deflectionagainstcenter-of. atwhichthemaximum

i.spresented“infigure9. Withthehigh

. .

*

.
.

*

——.:

.
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lengt&beamratio,therangeof stablecenter-of~avitypositionis
approximately2*percentmeanaerodynamicchordlessthanthatforthe
lowlength~eamratio.Thereis,hawever,a widepracticablerange
ofpositionforsatisfactorytake-off(10percentM.A.C.withelevators
deflected–lOO)ofthehullhavingthelengt~esmratioof l~snd
thetske-offstabilityofthathullis consideredsatisfactory.With
thepoweravailablein thehypotheticalairplane,theacceleration

—

wouldbe severaltimesthatusedinthetests.Testsof other-models - ‘“--—‘
haveindicatedthatan increaseinaccelerationtendstomovethe
forwadcente~f~avity limitforwardandtheafterlimitaftwitha
resultentsmallincreaseinthestablersnge;consequently,thetake+ff
stabilityshowninfigure9 isprobablyconservativefortheflying
boat.

Trimlimitsof stabillty.-Thetrimlimltsarenotin themselves
s@nificanthydrodynamicqualitiesbecausetheactualinstability
encounteredduringtake-offor lanrilngdependson therelationofthe
trimlimitsto thetrimtracksoftheflyingboat. Thetrimlimits,
however,areofinterestinthattheydefinethestablerangeof trim
betweentheupperandlowertrimlimits.

Thetrimlimitsof stabilityarepresentedin figure10. Theupper
limit,increasingtrim,wasalmostthesameforbothlengt&beamratios.
At highspeedstheeffectoflength~esmrattoon theupperlimit,
decreasingtrim,wassmall.Thelowerlimitforthehighlength-
beamratiowasshiftedbodilyto higherspeeds.Thisshift,approxi-
mately15milesperhour,appreciablyreducedtherangeof stabletrim
betweenthelowerlimitandtheupperlimit,increasingtrim. The
hytioxc momentsapparentlywerechar&edbytheincreaseinlengtk –
beemratioin sucha mannerthatthisreductionin therangeof stable
trimhadlittleeffectontherange of stablepositionofthecenterof
gravity.

Between52and70milesperhour,theupperandlowertrimlimits
forthelength-beamratioof 15areveryclosetogether.Whenconstan~
speedtestsweremadeinthisspeedrsnge,porpoisingofthemodelcould
be allowedtobuildup to sucha largeamplitudethatthemodelporpoised
acrossboththeupperandlowerlimits.Undersuchconditions,recovery

T

fromthisviolentporpoisingby useof theelevatorswasnotpossible.
.

Similarbehaviorhasbeennotedformodelsofflyingboatswithhullsof
conventionalJ.engthAeamratiosandisthereforenotattributedsolely

—

to thehighlengt&beamratio.Duringacceleratedtak~ffs, thisviolent
porpoisiwwasencounteredonlyat center~f~avitypositionsthatwere
definitelyforwardoftheforwsrdcenter-of~avitylimlt.In actual
flying+oattake-offs,operationat cente=f+jravitypositionsand
elevatordeflectionswhichwouldresultin exceedingtheforwardcenter-
of-gravitylimit(therebyencounteringinstability)wouldbe suchan
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abnormalmaneuverthattheviolentporpoisingthusencounteredisnot
consideredtobe toogreatlysignificemtintheevaluationofthe
longitudinalstabilityduringtake-off.

. .—.-

Landingstability.-Severaltypicaltimehistoriesoflandingswith
thetwohullsarepresentedinfigure11. Thenwczimumandminimumvalues
ofthetrimandriseoftheflyingboatat thegreatestcycleof oscillation”..- “.
duringtheladingrunwereobtainedfromthese@ta ad me P1-otte@%awt “..1
trimatfirstcontactinfigure12.

Thehullhavingthehighlength-beamratiodidnotskiponfirst
contactatanycontacttriminvestigated,whichinticatedt@t thedepth

—

of step(16.5percentbeam)providedsufficientventilation.At contact
trimsup to6.9°(thesternpostangle)theamplitudeofoscillation,both ‘- “-
intrimandrise,wasverysmallandwasofapproximatelya constant
amplitude.At trimsbetween6.9°and10°thesternpostenteredthewater
firstandcauseda slightincreaseh theamplitudeofthetrimoscillation,
whichdampedoutafteroneortwocycles.At contacttrimsabove10°,
upper-limitporpoisi~wasencounteredasa consequenceoflandinga’hove
theupperlimitof stability.

In comparison,thelemiingdataforthehulloflowlength-beamratio
indicatesimilartrends.Thishullalsohadno tendencyto skipduring
landing.At contacttrimsupto10°,thetrimandriseoscillationswere
small. Abovecontacttrimsof10°,porpoisingwasencountered,butthis
por-pofsing was less severe t- that encountered for the ml 05U@
length+eamratio.Innormal.seaplaneoperations,however,landings
attrimsgreaterthan10°wouldhe avoided@ecauseof thedangerof
reachinga stalled-attitude.

.

~q Characteristic;

Sprayreagesinpropellersendonflaps.-Theremgeof speedover
whichsprayenteredthepropellersendstrucktheflapsisplottedagainst
grossloadinfigure13forbothhulls.Withthelen@&beamratioof6,
theheavy(blister)sprayenteredthepropellersandstrucktheflapsat

—

a lowergross.loadthaawiththelength~eamratioof15. As thegross
loadwasincreased,thespeedrangesoverwhichtheheavysprayentered

..L ,-

thepropellersor @ruck theflapsbecameslightlygreaterforthehull
.-

ofhighlength-lmamratio.
..-—

.

Sprayphotographs.-Photographsof’spraywhich”enteredthepropeller%
atthedesigngrossloadof75,000poundsarepresentedas figureslk(a)
and14(b)forthelengthX%eamratio~of15 and6,respectively.Photo-
graphsofthespraywhichstrucktheflapsarepresentedas figure15. .

Thesephotographscoverthespeedrangesoffigure13 inwhichheavyspray
.
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.

is involved.Thesprayenterin&thepropellersor strikingtheflaps
at thegrossloadofB,000 poundsdidnotdiffergreatlyforthetwo*
hulls. Basedontheobservationofthespraycharacteristicsof a large
numberofmodelsof successfulconventionalflyingboats,thespray
enteringthepropellersor strikingtheflapsat thegrossloadof
75,000po~ds wasacceptable.

Photo@aphsof spraystrikingthetailsurfacesduringa landing
run(one-halftake-offthrust)arepresentedas figure16. Thespray
fromtheforebodystruckthehorizontaltailsurfacesathighspeeds
(above38mph)forthehullofhighlengt&beamratio.Thisspray

A

.

.
.

?&ghtnecessitateraisingthehorizontaltail.
ratioof6, thehorizontaltailwasrelatively

Tak~ff Performance

9

Forthelength-beam
clearof spray.

—

$xcess-&rStu .-The excessthrustandtrimduringtake-offwith
fullthrustarepresentedinfigure17. Thecurvesshownrepresentthe
excessthrustandtrimforminimumtotalresistanceexceptinthespeed
rangewhereporpoisingwasencountered.Overthisspeedrangethetrim
wasincreasedtoremainabovethelowerlhit of stability.

Comparisonoftheexcessthrustforthetwolengt&beamratios
indicatesthatthewaterresistanceisapproximatelythesame.The
maximumtrim axealsoaboutthessmealthoughthespeedatwhichthey
occurisconsiderablyhigherforthehullofhighlengt=eemratiothan
forthehulloflowlengt&beamratio.

Longituditiacceleration.-Thevariationsof longitudinalacceleration
duringtake-offa, l/a, and V/a sreplottedagainstspeedinfigure18.
Thesequantitieswerederivedfromtheexcess-thrustcurvesoffigure17
by useoftherelationship .— —.

Take-offtimesnddistance.-Thetak~ff timeistheareaunderthe
curveof I/a; thetak~ff distanceis theareaunderthecurveof V/a.
Thecomputedtake+fftimeanddistanceforthelength~eamratioof15
was21secondsend1530feet. D comparison,thecomputedtake-offtime
anddistanceforthelength+eamratioof6 was22 secondsand16OOfeet.
Theover+lltake-offperformanceofthelo-ag hull.istherefore
approximatelythesameasthatof theconventionalhull..

.
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SummaryChert ..- -..—

Thehydrodynamicqualitiesofthehypotheticalflyingboatwith
.

thehulloflowdragandhighlengtbbeamratio,as determinedby the
powered~c+nodel tests,aresummarizedinfigure19. ThisChart
givesan over-allpictureofthehydrodynamiccharacteristicsinterms
offull-scaleoperationalparameters.It isthereforeusefulfor . —T ..—

comparisonswithsimilerdataregardingotherseaplanesfor”’whfch -,-

operatingexperienceisavailable.
. ....~

CONCLUSIONS :,

Theresultsoftheinvestigationof thehydrodynsxdcqualitie~of
a hypotheticalflyingboatwitha low-draghullhavinga length~eam
ratioof15at a grossloadcorrespondingto 75,000pounds(grossload
coefficientof5.88)indicatethatthehydrodynamicqualitiesare
satisfactoryanddonotdiffergreatlyfromthoseoftherelatedflying
boatwiththemoreconventionalhulllength~esmratioof6_asinddcated
%y thefollowfng:

1.A practicablerangeofpositionofthecenterofgravity
(10percentM.A.C.withelevatorsdeflected-lOO)wasavailablefor
take-off.

2.Stablelandingsweremadewithoutencounteringporpoisingat
landingtrimsbelow10°. Thedepthof stepof16.5percentbeamwas
adequatetoavoidskipping.

3.SPrayenter= thepropellersmd strik3mgtheflapswas
acceptable.Sprayfromtheforebodystrikingthetailsurfacesathigh
speedsduringlandingsmightnecessitateraisingthehorizontaltail. ‘

4.Thewaterresistanceandthetake+fftimeanddistancewere
approximatelythesaneasforthemoreconventionalflyingboathaving
a hull’length~esmratioof 6. Thetake+fftimeemddistancewere
21secondseJIt1530feet,respectively.

—.— .

b

.

.- -.

—=

LangleyMemorialAeronauticalLa.lxmatozy
NationalAdvisoryConunitbeeforAeronautics

LangleyField,~a.,January9, 1948
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PEWTNMW CWRWTERISl?ICSANDDIMENSIONSOFFLYINGBOATS

HAYIN3m IENQI&BEAMRATIOSOF 15AND6

~ = 15 L-= 6
-b b

General
Designgrossload,lb... . . . . . . . . 75,000 7’3,0W
Grossloadcoefficient,Cb . . . . . . . 5.88 0.94
Wingaxea,aqft..... . . . . . . . . 1826 1826
Take+offhorsepower. . . . . . . . . . . . 6500 6500
Wingloadtng,&/S, lb/sqft . . . . . . 41.1 41.1
Power loading,A@, lb/hp. . . . . . . 11.5 11.5

Hull
Mexhumbeam,ft.. . . . . . . . . . . .
Length:

5.84 10.76

Forebody,bowto step,ft . . . . . . . . 50.4 37.1
ForebodylengthQbeamratio. . . . . . . 8.6 3*3
Afterbody,stepto sternpost,ft . . . . 3~.; 27.4
Afterbodylength~eamratio . . . . . . . 2.5
Tailextension,sternposttoaft
perpendicular,ft. e.. . . . . . . . 17.5 27.3

Overall,bowto titperpendicular,ft . 105.1 91.8
Step:
me . . . . . . . . . . . . . . . . . . Transv:e; Transverf3e
Depthatkeel,in. . . . . . . . . . . . 11.6
Depthatkeel,peroentbeam. . . . . . . 1615 9.0

Angleofforebodykeeltobaseline,deg . ,
Angleofafterbodykeeltobaseline,deg. 5.: 5.:
Angleof sternposttobaseline,deg . . . 6.9 7.4
Angleof deadriseofforehody:
Excludingchineflare,deg . . . . . . . 20
~cludingchineflare,deg . . . . . . . 16.5 16;

Angleof deadriseofafterbody,deg . . . m 20

wing
Span,ft . . . . . . . . . . . . . . . . . 1;;●: 1:;.:
Rootchord,ft...... . . . . . . . . .
Meanaerodynamicchord(M.A.C.):

●

Length,pro~ected,ft . . . . . . . . . . 13.8 13.8
Leadingedgeaft-ofbow,ft. . . . . . . 41.5 28.2
Leadingedgeforwardof step,ft . . . . 6.7 6.7
Leadingedgeabovebaseline,ft . . . . 15.3 15.3

Angleof incidence,deg. . . . . , . . . . 4 4
— —

‘- .+.JKJi-

.

.

.

.

.
. . .. *—
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TABG3I - Concluded
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PERTIEENTCIURACFERISTICSANDDIMENSIONSOFFL-BOATS - Conclud6d

3=15 ~=&

orizontaltailsurfaces
Area,sgft. ,., .o . . . . . . . . . . 33*3 33*3
Span,ft.. ● ● ..”. . ● . . . . , . . . . 43.0 43.0
Angleof stabilizertowingchord,deg . . 4 4
Elevatorrootchord,ft . . . .’.. . . . . 3.20
Elevatorsemi8pan,ft . . . . . . . . . . . ?i: 16.7
Lengthfrom25percentM.A.C.ofwingto
hingelineof elevators,ft . . . . . . . 49.5 49.5

Heightabovebaseline,ft . . . . . . . . 19.0 19.0

repellers
Nm@erofpropellers. . . . . . . . . . .
Nuniberofblades. . ;. . . . . . . . . . ; :
Diameter,ft . . . . . . . . . . . .“.. . 16.5 16.5
Angleof thrustlinetobaseline,deg . .
Clearanceabovekeel,ft . . . . . . . . . 8.: 8.;

b

~ ““--—
.

.
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(0) Hull a

(b) Hullo
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Figure I.- Hull length-beam ratio models,
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Figure 2.- Lines of hull [ength-beam ratio models.

.
.



18 .

.

NACA TN No. 1570

.-

i i
/ I

13’8“ *- i
1
\
I

16’6“
..

-

4

-g

=%=.

. -----
-— . .A

X=A.

——

.
<.. ...,+

. . . _

.

“

.- .-

-. .—
—

.

..-. .-

—. - -—
-- ....—

—...——._.. _

.. ““z;=-.
—.. ”-.

.—

.
., --- *._

.
Figure 3,- General arrangement,
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Figure5.-Variationofaerodynamicliftandpitckingmanentwithepeed.
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Figure5.- Conoluded.
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Figure5.- Variationofaerodymmiclift@ pitohing+mment coefficientswithtr~
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Figure 7.- Variationoftrimwithspeed.
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Figure8.-Maximunemplitudeofporpoisingatdifferentpositionsofthe
centerofgravity.
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Figure10.-Trimlimitsofstability.
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A Maximumrise
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Figure 12.- Variation of maximumandm~nimuntrim
andrise with trim atcontact.
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v= 23.7 mph; T a 6.0°

v s 30.z mph;T = 6.4°

(a) Length-hew

v = 17.2 mph; T s 6.6°

v s 25.9 mph; T = e~l”

v = 32.3 mph; T s 6.7°

patio of 15.

v= 19.4 mph; ? = 7.1°

.—- --- - “’

—

v s 23.7 mph; T = 8*O*v = 21.6 mph; T = 7-8*
.

(b) Length-be_ ratio of 6 ● ‘~~
.—
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pygure 14.- Spray in propellersCmringtake-off.
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v= 38.8mph; T = 8.7°

,-—

v= 43.1 mph; T s 9.9°

(a)Length-hem

v’ 25.9 mph; T s 8.8°

v= 30.2 mph; T s 10.7°

(b)Length-beam

v = 4100 mph;T = 904°

v= 45.3 mph; T= 10s5°

ratioof 15.

v s 28.Q mph; T s 9.1°

v= 32.3 mph; T= 10.9°

ratioof 6. ‘-+$@#”

FQure 15.- Spray on flaps during take-off.
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T = 10.5°: v=

T = 11.9°; v=

—..

T = 12.5°; v=’

T = 12.4°; V=4

~—

*L,

64.7

33

--- ..

mph; T = 10.8°

53*9 mph; 7 = 10.9°

$’7.4mph; T = 10.9°

:3.1IIlph; T = 11.9°

T = 11.8°; v = 38.8 mph;. T = 12.5°

(a) Length-beamratio of 15. (b) Length-beamratio of 6.

~ “- ““-
Figure16.- Sprayon tailsurfacesduringlanding.
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T = 9.00; v= 34.5

T = 8.7°; v = 32.3

T = 8.2°; v= 30.2

T = 7.70; v= 28.0

‘-35

T = 7.6°; v = 25.9 mph; T = 11.1°

(a) Concluded. (b) Concluded. -

Figure16.- Concluded. ~ ------ -“’~
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Figure17.-Vsriationofexceesthzustandtrimwithspeedduringtake-off.
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TFigure1S.-Variationoflongitmdimlaccelerationa, l/a, and V/a

with speeddurhg take-off.
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Figure 19. - Summary chart af principal hydradynamlc qualitie$

of a flying boat having a hull Iength-beam rrrtia of 15.

6rass Iaad, 75,000 pmmdsj power loading, 11.5 pounds per brake

horsnpawer; wing Ioadlng, 41.1 pounds par square foot; flap

deflection, 20°.
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